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Abstract 
This paper demonstrates that in order to understand 
and design for interactions in complex work 
environments, a variety of representational artefacts 
must be developed and employed. A study was 
undertaken to explore the design of better interaction 
technologies to support patient record keeping in a 
dental surgery. The domain chosen is a challenging real 
context that exhibits problems that could potentially be 
solved by ubiquitous computing and multi-modal 
interaction technologies. Both transient and durable 
representations were used to develop design 
understandings. We describe the representations, the 
kinds of insights developed from the representations and 
the way that the multiple representations interact and 
carry forward in the design process.  
Keywords: Interaction Design, Participatory Design, 
Representation, Ubiquitous Computing, Multi-modal 
interaction, Video Card Game 
1. Introduction 
This paper describes the development and application 
of a variety of representational artefacts to the problem 
of designing for interaction in a specific context, a dental 
surgery. 
Design and understanding are not mutually exclusive; 
they are, in fact, intrinsically linked. One does not need 
to understand a domain and all its complexities in order 
to begin designing, but rather can view design as an 
avenue for refining and shaping understanding. Design 
affords a practical means for developing a deeper 
working knowledge of the problem space, and this 
understanding, in turn, guides design. The ability to 
reflect on understanding and design is largely dependant 
upon the quality of the representational artefacts that are 
available (Suchman 1994).  Early representations act as 
springboards into the design process. 
To illustrate this idea with an analogy one might 
consider the act of looking into a large room from the 
outside through one of its many windows. Each window 
presents the room, its occupants, and their interaction, 
from a unique perspective. By moving around and 
looking through different windows, details that were 
previously hidden now emerge and fill in gaps to form a 
more complete picture of the setting and the social 
interaction. In the same way that windows reveal 
different sections of the room, representational artefacts 
act as a “window” into design.  
There are a number of activities and events that we 
have used to represent and articulate our understanding 
of dental practice.  
1.1. Outline 
The underlying theme of the paper is that through 
applying effective ways of representing our 
understanding of the surgery we can expose the 
intricacies of dental practice and move further into 
design.  
The remainder of this section presents some 
background to our work and describes some related 
research projects.  
Section 2 describes the dental surgery and the means 
by which the dentist and assistant interact with the 
information system. This will provide some insight into 
the constraints that are imposed on dental practice by the 
need to operate in a sterile environment. 
Section 3 describes our methods of exploring 
interaction, and discusses some of the representational 
artefacts that we have used for developing our 
understanding of dental practice.  
Section 4 explores the relationship between 
representational artefacts and design methods and 
examines the impact of these artefacts on our design. 
1.2. Background 
As computing has transitioned from the desktop to the 
real world, new paradigms have emerged for 
understanding human-computer interaction such as 
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ubiquitous (or pervasive) computing (Weiser 1991; 
Weiser 1993), and tangible computing (Ishii and Ullmer 
1997). However, many ubiquitous and tangible 
computing research projects have focussed on 
developing demonstrations of what is technically 
possible, rather than exploring the richness of true work 
contexts and the challenges and opportunities that they 
provide for design. For example, while Ishii’s tangible 
user interfaces are novel and provide different ways of 
thinking about interaction, Ishii’s research does not seek 
to deploy new forms of interaction into real work 
practice contexts with real users. Few projects start by 
considering the problems of interacting with the 
information infrastructure in a specific, everyday work 
environment. Thus design requirements are often not 
grounded in what people need.  
Typical work environments require people to 
manipulate a variety of physical tools, maintain social 
interactions, and keep track of what is happening around 
them. When attempting to blend social, physical, and 
human-machine interaction together, the task of 
designing for interaction in a specific context becomes 
problematic. Current research on interaction in context 
suggests that it is not possible to prescribe interaction but 
instead technologies need to be designed to support a 
range of improvised interactions contingent on use. 
Designing such devices requires that we as designers 
must look to the real context for inspiration rather than 
abstract technology driven ideas of what future work 
practice should be like. The problem becomes how to 
move from the world of the present as we understand it 
into future practice through design. 
Understanding the context in which work occurs is an 
intermediate step towards creating a work place that is 
supported, rather than restricted by, technology. In order 
to guide our design with this understanding however, we 
need to explore what motivates and gives meaning to the 
way that dentists participate in the environment in which 
they work. 
1.3. Related work 
Two noted exceptions to the trend of technology 
driven design are the Labscape (Arnstein, Chia-Yang et 
al.) and Pucketiser (Nilsson, Sokoler et al. 2000) 
projects.  
Arnstein et al examined work practice in a cell 
biology laboratory using techniques such as field 
research and intensive interviewing and identified the 
problem that biologists faced of tedious methods of 
retrieving and recording experimental data. They 
designed the Labscape system to support the users of the 
laboratory. Labscape is a ubiquitous computing 
environment that is designed with the environment and 
users in mind so it doesn’t disrupt natural workflow. 
Most of the data gathering was automated with cameras 
and sensors placed around the physical workplace 
feeding data into a computer. Labscape works as an 
electronic notebook, providing relevant information 
when it is needed and automatically recording 
experimental data as required. Although the researchers 
recognised the problem of contamination whilst 
interacting with a computer in a clean environment, they 
did not attempt to solve this particular problem by 
changing the nature of interaction with the system 
through mouse and keyboard. Labscape was found to 
improve the work process in the cell biology laboratory 
and was readily adopted by biologists. 
Nilsson et al examined work practice in a wastewater 
treatment plant and used ethnographic methods and 
participatory design techniques to explore how plant 
workers might monitor the water quality in the context of 
the plant environment, rather than from the confines of a 
centralised control room. 
The Pucketizer is a mobile device designed to 
“smooth the transition between interacting with physical 
objects in process control and digital representations of 
the same objects” (Nilsson, Sokoler et al. 2000). In the 
system, digital information about an object being 
monitored is provided in the physical context of that 
object rather than in a control room. Nilsson et al 
engaged the process operators with prototypes, scenarios 
of use and full-day workshops. The outcome was a 
system that provided process monitoring configuration 
that was far more flexible than the traditional centralised 
control room context. 
Whereas many ubiquitous computing projects seem to 
err by removing control from the operator, Pucketiser 
focussed on providing information so that certain 
decisions of control were left to the operator. By 
respecting the abilities of participants, paying attention to 
their needs and suggestions and exploring the 
interactional details of their current and future work 
through prototyping and engagement with them, the 
participatory design approach naturally appears to lead to 
designs that address two issues identified as key by 
researchers: first, our inherent ability to act with and 
through objects (Norman, 1998; Bodker, 1991; Brereton, 
2001; Dourish, 2001), referred to by Dourish as 
“coupling” and second, our ability to interpret how 
objects work and what to do with them, referred to by 
some researchers as “transparency”. We act with objects 
as they are present-at-hand, and through objects as they 
become ready-to-hand (concepts which have their origins 
in the phenomenology of Heidegger). For example, when 
we use a mouse to interact with a desktop computer, the 
mouse becomes an extension of our arm (ready-to-hand) 
as we move files and navigate through menu settings.  As 
we act through the mouse, our work, and not the mouse 
is the focus of our attention.  However, once we slide it 
too far and it falls off the mouse pad or bumps into a 
nearby text book our natural flow of actions is 
interrupted.  Our attention is drawn to the mouse (it 
becomes present-at-hand) and we need to readjust it to 
move on. Technology can only successfully become 
ready-to-hand if it merges seamlessly into the users 
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practice. In the case of computational devices, this is 
only possible if the inner workings of the device are 
transparent to the user. They need to be visible in such a 
way that the user can easily observe the computational 
device’s interpretation of their current state and use that 
information to inform their work. 
The Pucketiser operator’s need for control was 
satisfied as the coupling of information was at their 
whim, not the machines. 
2. The dental surgery 
The dental surgery is a domain which exhibits a rich 
combination of both human interaction and tool use 
within a complex social context. Work is achieved in the 
surgery through social interactions, tool1 manipulation, 
and coordinated interactions with the desktop computer 
system. Every patient that visits the surgery is assigned 
an electronic record which stores personal details, 
information about their past treatments, and dental 
records. When operating on a patient it is necessary for 
the dentist and assistant to access and update this record 
on many occasions throughout the procedure.  
2.1. Traditional modes of interaction and 
the dental surgery 
In the dental surgery, the task of updating the patient’s 
record is far more intrusive to the work process than it 
needs to be. Currently, the dentist must remove their 
gloves in order to enter details via a keyboard and 
mouse, or alternatively, dictate to an assistant who is not 
wearing gloves and can update the patient record. This 
input process causes a significant obstruction to work.  
The dental surgery is an example of a domain where 
traditional modes of interaction don’t function in the way 
their design intended. By traditional, we refer to the more 
common one-to-one relationship between a user and their 
desktop computer system. Typically, to use a desktop 
computer comfortably a user will sit at a desk with the 
monitor directly in front of them at eye level so that the 
screen can be easily observed. The keyboard is generally 
situated on the desk and positioned between the user and 
the monitor, with a mouse placed on a ~20cm2 mouse 
pad on either the left or right-hand side of the keyboard. 
In the dental surgery it is far from practical to 
preserve this layout of keyboard, monitor, and mouse due 
to the physical and work related constraints that are 
imposed by dental practice. Due to the relatively small 
size of dental surgeries and the large amount of 
equipment and tools that they contain, physical space is 
at a premium. There is limited room in which to arrange 
a computer system as is described above.  
                                                 
1 The term tool is generally used in human-computer interaction 
literature in reference to a physical artefact that an individual can act 
on or work with. It should be noted that in the dental surgery, tools are 
typically referred to as instruments. 
Also, because of the way that work unfolds within the 
surgery the dentist and assistant have to constantly 
change their focus from the screen to the patient and 
vice-versa. They also have to direct their attention 
toward x-rays and other equipment and tools as they are 
required. This constant shift in focus is in stark contrast 
to the needs of a traditional desktop system, where the 
user is required to maintain a continuous focus on a fixed 
display. 
 
 
Figure 1. The difficulties of working in a dental 
surgery 
Finally, the task of using a traditional computer 
system is further complicated by the constraint that the 
dentist and assistant must remain clean2 when operating 
on the patient. The dental surgeries we studied 
approached this problem in different ways. In one 
surgery the dentist and assistant relied on a different 
means of interacting with the system. Instead of the one-
to-one relationship between a single user and the system 
we observed a two-to-one relationship where both the 
dentist and the assistant were responsible for the system 
input and both structured their behaviour according to 
the output of the system. This distributed input was made 
possible by the expert relationship that existed between 
the pair. 
The dentist and the assistant were observed 
improvising and structuring their interaction with the 
system in response to the activity which was unfolding 
around them. 
2.2. Moving toward design 
This section has described how work and interaction 
with the system (the patient record) typically unfold 
                                                 
2 There is an important distinction between classifying a tool (or a 
person) as either clean or sterile. For a person to be considered sterile 
they are required to be wearing sterilised gloves obtained from 
individual packets. Otherwise the gloves are considered to be clean. A 
tool is sterile once it has been processed in an autoclave and is sealed 
in sterile packaging. Once the tool is removed from the packet it is no 
longer considered sterile and becomes clean.  An object that is no 
longer sterile or clean is considered to be dirty. 
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within the surgery. It is not efficient for the dentist and 
the assistant to use a computer system in the traditional 
manner because of the way that it constrains how they 
would naturally go about their work. Moving forward 
with this understanding of the work context, the 
remainder of the paper will explore how we can design 
for the dental surgery and how we use a variety of 
representational artefacts to stimulate ideas and facilitate 
understanding. 
3. Exploring interaction 
Many techniques have been developed to assist 
designers in understanding the needs and practices of 
users. These include ethnographic methods, scenarios 
(Carroll 1994; Carroll 2000), cultural probes (Gaver, 
Dunne et al. 1999), contextual interviews (Beyer and 
Holtzblatt 1998) etc.. Such methods have greatly 
enhanced understandings of user practices and assisted in 
soliciting user perspectives. This paper revisits some 
techniques and offers some new ones.  
Our main purpose here is to demonstrate that a variety 
of different representations is useful in interaction design 
and that these can be fluidly generated to suit the design 
questions at hand. Indeed by relying upon established 
methods rather than developing methods to suit 
exploration of the interactions that present themselves, 
the possibilities of the design process to capitalise on 
emerging understandings and reflection are not fully 
exploited.  Design progresses by moving from one 
representation to another, the different representations 
evoking different questions and furthering 
understandings of the domain, the design requirements, 
and design solutions. Our aim is to illustrate how 
different representations evoke different understandings 
and why multiple representations are necessary. This is 
important in any design process, but particularly so for 
understanding and designing for multi-modal interaction. 
Multi-modal interaction can only be understood by 
employing multiple multi-modal representations that can 
illustrate the variety of ways in which different 
modalities work together. 
3.1. What is a representation? 
For our purposes a representation is:  
An account, likeness or reproduction in some 
manner, made to influence opinion, understanding or 
action.3 
The meaning of a representation is not inherent, rather 
it is interpreted. The person interpreting the 
representation (interpretant) may make different 
interpretations depending up their prior knowledge, the 
context of use etc.  
There are many different kinds of representations. We 
can map them on to at least four dimensions (Brereton 
                                                 
3 This definition draws upon definitions in the Merriam-Webster and 
Oxford English Dictionaries. 
2003). They may be internal (in the mind) or external 
(expressed in the world). They may be transient 
(utterances and gestures) or durable (sketches and 
models). They may be self-generated (produced in the 
act of designing) or ready-made (appropriated in order 
to assist design). They may be abstract (lists of 
requirements, sketches) or concrete (engineering 
drawings, scale models, working prototypes). Above all, 
different representations afford different kinds of 
interactions which in turn develop different kinds of 
understandings in the interpretant. For example, a 
designer can rotate a shaft in its bearings in a physical 
machine in order to get a feel for the amount of play in 
the bearings. However, if the designer wants to know the 
dimension of the shaft she has to use a measuring 
instrument. In this case an engineering drawing would 
reveal this dimensional information more directly 
(through visual inspection). So, in this paper we focus on 
the kinds of interaction experiences and insights afforded 
by different representations.  
Because representations are always experienced in the 
world, we focus upon how we experienced the 
representations as much as what they were or what 
information they contained. 
We have used a variety of different representational 
artefacts to help us explore interaction. Here we will 
present six of these. For each we will explain the 
representation, describe how it was used to inform our 
understanding of the design space and the kind of 
insights that the representation affords.  
The representations used were: 
• Contextual interviews 
• Surgery scale model 
• Interaction themes 
• Video mirror exercise 
• Idea cards 
• Design prototypes  
Some of the above representations (e.g. contextual 
interviews) consist of a spontaneous sequence of multiple 
transient representations (utterances and gestures and 
manipulation of ready made props). These may then form 
the basis of durable representations such as field notes. 
Much of the understanding represented in the field notes 
is built through the transient interaction. “Interaction 
themes” are durable representations that resulted from a 
method called the Video Card Game (Buur and 
Soendergaard 2000). In the Video Card Game, people 
synthesise understandings through observing discussing 
and re-representing videotape data. The understandings 
were represented in “interaction themes”. Durable 
representations are effective at summarising 
understandings so that they can be re-employed in further 
design activities.  
3.1.1. Contextual Interviews 
A number of informal interviews were carried out 
with two different dentists as part of our field studies. 
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Interviews were carried out in the context of the dental 
surgery, however no patient was present. The interviews 
served two purposes. First and most importantly we 
learned about the dentist’s perspective on interaction 
problems in the dental surgery. Second, we developed a 
basic understanding of dental work and the surgery 
layout which served as preparation for the field studies. 
The discussion mainly centred on the difficulties of 
integrating dental practice and dental record keeping. 
The interviews confirmed that the problem of interacting 
with the patient record that had been identified through 
earlier video analysis was indeed perceived as an 
important problem by dentists. After further field studies, 
we interviewed the dentists again, and posed questions 
based on our new understandings. 
Initial interviews 
The initial interviews were videotaped. During these 
interviews, dentists described difficulties in interacting 
with the patient record. In particular, there is a difficulty 
in making use of a computer during their time with a 
patient in the surgery. In order to make patient record 
keeping less cumbersome and more helpful to the 
dentists practice, these difficulties must be overcome. 
Problems noted were the inability to use the keyboard 
and mouse, and a slow and unintuitive control structure 
to the software. Entering information about a procedure 
was seen as laborious but necessary. 
Other difficulties encountered by dentists were in 
integrating digital artefacts into their work practice. For 
example, many dentists are keen to use digitally 
produced x-rays instead of physical film. The reason for 
this is a combination of lower radiation exposure to the 
patient, low cost of each x-ray, and ease of archival. 
However, the current working environment does not 
provide the dentist with a simple method to show the 
digital x-ray to the patient. The dentists we interviewed 
are currently using physical x-rays as a means for easily 
showing x-rays to patients in the surgery, and then 
scanning them for archival purposes. 
When asked about possible methods of interaction, 
the dentists interviewed mooted voice recognition as 
their first choice. Better screens and a less obtrusive and 
more mobile presence of the computer were highlighted 
as useful. 
Follow-up interviews 
After completing further research, the dentists were 
interviewed again. During these interviews, we explained 
our methodology to date and the results of activities. The 
dentists then commented on these results and answered 
any questions we had.  
For example, on seeing a still image of himself at 
work and hearing a researcher-designers account that the 
dentist seemed to constantly have to shift his focus of 
attention, the dentist agreed that though he had not 
thought of it in this way before this constant shifting of 
foci was characteristic of his practice. This led the dentist 
to propose a design idea for an information appliance 
that would overcome this problem in one aspect of his 
practice. Dentists highlighted the importance of 
interacting with the patient. 
After the initial interviews, we investigated several 
alternatives for speech and gesture input. After 
presenting these, the dentists found several problems. For 
example, a headset system would not work for voice 
recognition because of protective glasses and facial 
masks. A ring that detected gesture would not be usable 
because of cleanliness issues. An idea that we had 
dismissed due to privacy concerns, that of using visual 
gesture recognition, was actually welcomed by one of the 
dentists. Various aspects of different prototypes, such as 
a screen integrated with a mirror and an interactive x-ray 
display were also discussed and welcomed by the 
dentists. 
It was particularly interesting that as our 
understanding of the domain increased, so did the 
usefulness of discussions with the dentist. When 
provided with more specific questions and a shared 
understanding, we were able to obtain increasingly 
detailed ideas and responses from the dentists. 
Contextual interviews consist of a constant 
exchanging of questions, answers, viewpoints, grimaces, 
gestures etc. in the context of use. The dentist can 
demonstrate procedures using instruments and the 
personal computer as props. The researcher is present in 
the context of use and can probe with questions about the 
surroundings. While this dynamic exchange is useful in 
helping the researcher to understand procedural aspects 
of the dentists job, interviews were most important for 
understanding opinions, sensitivities, priorities and 
motivations. The interplay of questions and answers 
between the researcher and the dentist led the researcher 
to understanding what the dentist saw as important. The 
dentist is also most likely to have sensed what seemed 
important to the researcher. 
When as researcher-designers we returned to the 
surgery to perform follow-up interviews having obtained 
a better understanding of dentistry through exploring 
multiple representations in a design event, our 
conversations with dentists resulted in more specific 
design ideas and understandings that had hitherto eluded 
us.  
3.1.2. Surgery scale model 
After our second field study we built a foam-core 
model of the entire dental surgery. It was constructed in 
several steps.  
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Figure 1. The model we created of the dental 
surgery 
1. Immediately after the check-up we designed a 
rough cardboard floor plan of the workplace. 
We then verified this floor plan with the 
dentist’s assistant before returning to the office. 
2. Back at the office we used modelling materials 
(foam-core, polystyrene, cardboard) to 
construct a small, scaled model. We payed 
particular attention to the dentist’s surgery, the 
equipment, and the surrounding rooms that we 
had the opportunity to visit. Model people were 
also created that we could use to represent the 
dentist, assistant, patient and so on. 
3. On our next visit to the surgery we discussed 
the model with the dentist. 
The main motivation for building the model was that 
it would provide a physical reference to the surgery 
which could be used to ground future design discussions. 
In this sense the model could be used as a platform for 
engaging other researchers who hadn’t had the 
opportunity to observe the workplace first hand and were 
unaware of the spatial layout. The model also proved to 
be useful when analysing video data. 
When relying on video to develop an understanding of 
the workplace it was useful to be able to shift focus from 
the video to the model when working through the data. 
The ability to combine the richness of the digital video 
footage with the tactile and spatial feedback that is 
afforded by a physical model is useful in developing a 
more complete understanding of the work practice. 
What we were not expecting from the modelling 
activity was that the process of building the model served 
to highlight what we had focused on during the visit, or 
perhaps more to the point, what we had overlooked or 
didn’t understand. In this sense it was a good preparatory 
exercise for focusing future field studies. 
3.2. Design Event 
Staging collaborative events can help foster design 
and learning in a way which propels innovation and a 
commitment to generate the knowledge base for new 
technology. 
(Binder, Brandt et al. 1998) 
A participatory design approach typically involves 
collaborative activities which bring together users and 
designers creating a platform for design discussions. The 
aim is to generate new ideas and examine design 
possibilities. User-centred design activities however, 
should not replace activities where only designers are 
present (Brandt and Grunnet 2000). It’s important for 
designers to have some time to work through the problem 
space independently of the users.  
A design event was organised after conducting two 
field studies in order to explore ways that ubiquitous 
computing technology might improve work practice in 
the dental surgery. The day was not just focused on 
exploring the interaction problem associated with 
updating the patient record, it was also about developing 
an understanding of dental work practice. The event was 
attended by designers from a number of different 
academic backgrounds.  
The day was divided into a number of activities. 
Themes developed from a Video Card Game were 
introduced and used as sources of inspiration along with 
the participants’ own experiences of being in the dental 
surgery. 
A small stage was the focus for most of the activities. 
As mentioned in (Ehn and Sjogren 1991) and cited in 
(Brandt and Grunnet 2000), the use of props and stages 
on which the activities can be carried out are extremely 
useful in developing a common language of engagement 
between users and designers. 
3.2.1. Interaction theme cards 
In previous work we describe the development of 
themes of interaction using a technique called the video 
card game (Brereton, Bidwell et al. 2003). The video 
card game is a technique that can be applied to video 
interaction analysis. It provides an environment that 
promotes open discussion allowing the exploration of 
themes, patterns, and trends embedded within video data. 
One of the primary benefits of this technique is that it 
affords individuals whom are not experts at video 
analysis and have limited training, the ability to draw 
meaningful themes from raw video footage allowing 
video segments to be turned into tangible arguments to 
support design work. See (Buur and Soendergaard 2000) 
for a detailed description of the video card game process.  
For the design day we gave each of the participants 
what we called a ‘theme card’. This was a stripped down 
version of an earlier theme format developed to 
communicate the results of a video card game (Brereton, 
Bidwell et al. 2003). A feature of the original theme 
format that we tried to preserve in the theme cards was a 
combination of abstract and more grounded elements. 
The shortened format consisted of a general summary of 
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the theme and a single description of an occurrence of 
the theme from our video material.  
The decision of how much of the original theme to 
include was determined by the amount that we could fit 
on one side of an A5 sheet of card. We chose this size 
because we wanted the participants to be able to easily 
involve the themes in their design activities (for example, 
by placing them on the table while they worked). We 
tried to retain the other elements of our original theme 
format by including them in the activities of the day. 
 
 
Figure 3. A theme card 
The ‘implications for design’ section was omitted 
from the theme card because of the fact that the themes 
were to be used in a design event. When the themes are 
being used as representations of understanding, the 
design implications section helps the reader to see what 
the theme means in a practical sense. However, we felt 
that this would not be as useful in a design setting 
because it might over-direct or ‘blinker’ the participants. 
A possibility we would like to explore further is that 
when themes are being used as a resource for design, the 
design outcomes can feed into and build the design 
implications section of the theme in the future. Thus 
themes would not only the outcome of a Video Card 
Game but could continue to evolve in other design 
activities. They could become a sort of a memory or 
learning that grows through application of the 
understanding. 
3.2.2. Video mirror activity 
The second activity of the day was one we called the 
‘Video Mirror’. The purpose was to introduce the themes 
we had developed in our field studies into the day.  
In the video mirror exercise, each person was asked to 
read out their theme card to the rest of the group. After 
each theme was read the video clip that corresponded to 
the specific example was played. As the clip was playing 
participants tried to mimic the body movements of the 
people in the video clip. After we had seen and 
mimicked the clip one or two times we discussed our 
experiences and whether we could see the theme in the 
clip.  
The video mirror exercise extended the theme by 
giving participants a physical understanding of the 
theme. Usually we think of video as being a medium that 
is perceived through the senses of vision and hearing. 
The video mirror exercise provides a way of 
experiencing a video using not only these senses but also 
our motoric abilities. Experiencing a video clip by 
enacting it in addition to seeing and hearing it is very 
different to seeing and hearing it only. 
By recasting our understanding in this way we 
discovered several interesting things that hadn’t occurred 
to us up until then. First, we didn’t anticipate how hard it 
is to mimic the movements of the people on the screen, 
when they were interacting with each other, their tools 
and their environment and we didn’t have those things to 
interact with ourselves. On reflection we decided that in 
future we would try to organise participants into groups, 
provide props and arrange the environment in ways that 
were similar to the video clip.  
Second, the discussion of the clips and how they 
related to the theme was a good way of testing whether 
other people saw the theme in the clip in the same way 
that we had. In some cases people couldn’t really see 
how the clip related to the theme. This generated 
questions, new perspectives and debate. We want the 
themes to be seen as subjective and open to challenge 
and reinterpretation rather than objective truth 
statements. 
It is worth noting the difference between mirroring 
and re-enactment. Mirroring is an activity that takes 
place at the same time as the activity being copied, 
whereas re-enactment is done at a later point in time. 
When we mirror a gesture we simply follow the 
movement with our own bodies. In subsequent design 
discussions, with no movement to copy, we re-enact the 
movement. The act of mirroring gestures is particularly 
difficult because we do not know the communicative 
intent of the gesture producer. When we re-enact a 
gesture we have interpreted the communicative intent of 
the gesture producer and then proceed to re-enact the 
gesture coupled with our understanding of its 
communicative intent. Gestures do not arise out of 
thought but rather the two are intrinsically linked 
(McNeill 1992).  
A valuable outcome of the video mirroring exercise 
was that it helped us ‘talk’ about gestures using our own 
gestural abilities. Gestures and movements aren’t 
something that we have a well defined way of talking 
about. There are notations like Laban’s (Newlove 1993) 
and McNeill’s (McNeill 1992) but they have a number of 
problems. First, they require that you learn them. They 
make implicit assumptions about things like 
segmentation, take time to read and necessarily strip 
away much of the information from the real world 
gesture. When we re-enact gestures we are able to 
represent and the gestures of the people we design for in 
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a way that is immediate, rich, real-time, and experience-
able by others. 
Another appealing aspect of the video mirroring 
exercise was that it projected the theme into the physical 
space in which our design event was being held. Both in 
the literal sense that the example video clips were 
projected onto the wall of the room where we would 
design, but also in the sense that this was done at the start 
of the day and served as a warm-up exercise for our 
bodies. We rendered the theme with our bodies, the 
bodies with which we would subsequently design, build 
and demonstrate our models 
3.2.3. Idea cards 
After the video mirroring exercise we held a 
brainstorming exercise where participants wrote down 
their ideas on big sheets of paper. At the end of the 
exercise the participants each chose two or three ideas 
that they liked and wrote them down on idea cards. The 
idea cards were the same size and thickness as the theme 
cards, but a different colour and with portrait rather than 
landscape format. As with the theme cards, the size and 
thickness of the cards was very important to our 
subsequent use of them.  
After everyone had written up their ideas we used the 
idea cards in an activity called the ‘Ideas Market’. At the 
market one can bid for an idea by mounting an argument 
about the idea that convinces the owner you are worthy 
of taking it from them (we quickly realised that it was not 
worth pushing this too far – often one does not know 
why an idea is interesting and this was far too early to 
force people to abandon ambiguity). In this activity the 
participants sat in a circle and each presented their idea 
cards to the rest of the group. After each idea card was 
presented it was thrown down into the centre of the 
circle. When all of the idea cards had been presented we 
took turns to choose cards from the pile until they had all 
been redistributed.  
Several aspects of the physical form were important 
here. There was a similarity to playing cards in terms of 
proportion, colour, and size (the idea cards were about 
four times larger than normal playing cards). Because of 
this and the arrangement of the people the throwing of 
the cards into the middle seemed quite an obvious thing 
to do. When the cards were in the middle they weren’t 
stacked neatly but in a pile where cards lower down 
stuck out from those above and could still be seen. Also, 
the cards were small enough to shuffle through and 
compare without having a desk. 
The idea cards are a good example of a representation 
that tied together different activities in the design day. 
They were written up at the end of the brainstorming 
exercise, then used in the ideas market activity, then in 
the design activity, and after the design day was over in 
the debrief session. 
The idea cards were useful for us as a tool for 
capturing the results of the design day. While designs 
may act as a representation of understanding it can be 
hard to unlock that understanding from a design. The 
idea cards allowed us to lay the different ideas out on the 
table at the design day debriefing and group, compare 
and contrast them. One week after the design event our 
research group met to discuss the results of the day. For 
this discussion we took several of the results of the event: 
the prototype models, the theme cards, and the idea 
cards. The idea cards turned out to be particularly useful 
in this discussion because they allowed us to lay the 
ideas out on the table and cluster and group them to think 
about what they told us. This was not really possible with 
the prototypes because they were three dimensional, 
generally much larger, and generally consisted of several 
ideas that we would otherwise group separately. 
A problem we found with our use of the idea cards 
was that we tended to use them to create design 
prototypes that were more combinations of the separate 
ideas we had collected than synthesised or inspired from 
them. It seemed that some of the fluidity and ambiguity 
of the original ideas was lost in the translation to the 
cards. If we were to use them again, it would be later in 
the day and our focus would be on using them as a way 
of documenting for later reflection than as a resource for 
design. 
3.2.4. Design prototypes 
Having developed and discussed ideas at the ideas 
market, physical prototypes were constructed so that we 
could demonstrate design ideas through acting out 
impromptu scenarios to ourselves and to the dentists in 
their surgeries. Much has been written about the 
expressive qualities and affordances of physical 
prototypes (Brereton and McGarry 2000). For our 
purposes here, they were most important for the ability to 
represent an idea concretely, quickly and in a tangible 
form to the dentist back at the surgery who was unable to 
attend the design day.  
Following the design event we took some of the 
prototypes that we had created back to the dentist in 
order to get an opinion on the concepts that we had been 
developing. A time was arranged after business hours so 
that we could make use of the dental surgery and 
demonstrate the prototypes in the context in which they 
would be used.  
First of all we presented some of the video card game 
themes and described the role they had played in our 
design process up to and during the design event. One of 
the themes we had developed, ‘Different foci of 
attention’, was of particular interest to the dentist. It was 
based on the observation that the dentist was constantly 
required to shift their attention from the patient to the 
patient record and vice-versa while preforming a 
procedure. After we introduced this, the dentist picked 
up one of the polystyrene instruments which had been 
placed on our sensing table prototype (this prototype was 
based on the idea that there is a link between the input 
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that the system requires and the tools that were being 
used by the dentist at any particular time). He pretended 
it was a mirror, an instrument which is commonly used in 
dental practice when conducting examinations. He 
described how it would be useful to have a special 
surface on the end of the mirror instrument which could 
switch between its normal reflective image and a mini 
information display so that he wouldn’t have to keep 
shifting focus. As he explained the idea he explored the 
prototype with both hands and also gestured with the 
instrument as if he were working in a patient’s mouth. 
 
 
Figure 4. Sensing table prototype 
This is a good example of how the themes which had 
inspired the creation of the prototypes in the design event 
were now working with the prototypes which were being 
appropriated by the dentist, bringing them into the design 
process. It’s interesting that the theme alone did not 
provoke this type of participatory involvement from the 
user nor did the prototype that we had presented earlier, 
but rather the combination of the representations gave 
rise to a new design idea which leveraged off the two and 
was grounded by the dentist’s practical expertise and 
experience in the surgery. This characterises how 
multiple representations can come together to reveal new 
avenues for design and facilitate understanding. It also 
marks our early efforts to bring users into the design 
process. 
4. Closing remarks  
This paper has presented several different kinds of 
design representations that we used to help us begin 
designing better interaction technologies to assist with 
the process of patient record keeping in a dental surgery.  
Both transient and durable representations have been 
used to develop design understandings. Transient 
representations such as contextual interviews and video 
mirroring construct understandings through interaction. 
Durable representations such as scale models, theme 
cards and design prototypes encapsulate understandings 
developed though interactions and represent them for use 
in future design activities. Durable representations put 
knowledge into a form so that it can be expressed and 
probed in future interactions.  
Throughout the paper we have attempted to illustrate 
in detail how specific affordances of different 
representations supported and evoked different kinds of 
understanding that then carried through into other parts 
of the design process. What is most important in design 
is the use of a variety of representations to evoke design 
understandings from multiple perspectives.  
It isn’t necessarily the case that one representation is 
better suited to expressing our understanding of the 
dental surgery than another.  Each representation isn’t 
viewed as an all-encapsulating entity but rather as a 
building block for developing a much larger 
understanding.  The way in which the representations 
intertwine reveal interesting aspects of the design space 
and new possibilities. 
The way we have used representational artefacts to 
facilitate our understanding of dental practice takes 
traditional design methods a step further by grounding 
the activities in an explicit understanding, or instance of 
the work. 
By relying on exploratory exercises such as scenarios, 
or cultural probes, a useful understanding can be gained 
of the design space but the technique will, to a large 
extent, dictate the type of information that is revealed.  
For example scenarios, through role-playing and 
interaction, will help aid in forming a snapshot of work 
practice which is useful for exploring the flow of work 
and individual behaviours.  What an exercise like the 
video mirror adds to this is a more specific focus on 
particular types of actions and interactions.  Most of our 
representations are ways of expressing our early 
understandings of dental practice, so they start with a 
focus on the interactions and then the technique is 
developed around exploring the types of interactions 
which are present.  This grounding of the representations 
affords a deeper understanding of the practice.   
In the end the focus of design work is not to create 
representations but to create understandings that lead to 
good designs. However, the ability to reflect on 
understanding and design is largely dependent on the 
quality and quantity of the representational artefacts that 
are available. Different representations evoke different 
understandings and these understandings and 
representations carry forward into the design cycle. 
Something that you build carries meaning for you and 
then you throw it away. To use Lanzara’s metaphor, you 
create small hills in the landscape and then you can climb 
them and see more land.  
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